Three experiments involving 34 individually fed pigs were conducted in Guadeloupe (16 ~ Lat. N., 61 ~ Long. W.) to determine the effects of environmental temperature (tropical, 22 to 32~ vs thermoneutral, 17 to 21~ and feeding method (restricted vs ad libitum) on performance, carcass characteristics and physiological and metabolic responses of pigs at three weight ranges (8 to 25, 29 to 50 and 54 to 79 kg live weight). Compared with the control environment, the tropical climate increased rectal temperature and respiratory rate but depressed growth rate and efficiency of feed utilization. In addition, in the heaviest weight group, feed intake was reduced and body fat increased. Changes in metabolic status, such as increased concentrations of plasma free fatty acids, triglycerides, cholesterol and adipose tissue lipoprotein lipase activity were observed in pigs housed in the tropical environment. Moreover, in these pigs, there was a decreased plasma concentration of thyroid hormones (triiodothyronine and thyroxine). These results'indicate that tropical ambient temperature markedly affects the metabolism of pigs and, therefore, probably influences their nutritional requirements. (Key Words: Pigs, Temperature, Physiology, Lipid Metabolism, Thyroid Hormones, Growth.)
pigs to heat stress (Ingram, 1977) or on the relationship between respiratory rate, rectal temperature, reproduction and growth in a hot environment are scarce (Dede, 1983 ; Yamamoto et al., 1984) . In particular, no data are available on the relationships between the changes usually observed and the modifications of the metabolic reactions in the animal during exposure to high environmental temperatures. The aim of the experiments described below was to determine the specific influence of ambient temperature in a humid tropical area on growth performance and physiological and metabolic reactions of pigs from 8 to 80 kg.
Materials and Methods
Three experiments were carried out using 34 pigs of the Large White breed from the experimental herd of the INRA Institute. The following stages of growth were evaluated: young growing (8 to 25 kg), growing (29 to 50 kg) and finishing (54 to 79 kg) pigs. These experiments were conducted at the INRA center of The temperature-controlled room was maintained at a temperature range close to thermal neutrality for each group of pigs, depending on their age and weight. In the controlled environment, the ambient temperature was decreased by 1~ every 2 wk, from 23~ at the start of the trial to 21~ at the end for young growing piglets, from 21~ to 19~ for growing pigs and from 18.5~ to 16.5~ for finishing pigs. For a 1-wk period prior to the experiment, the air temperature in the control room, which was similar to that of the external environment, was decreased gradua/ly until it reached the upper limit of the selected temperature range. Because large parts of the wall in the temperature-controlled room were built of glass bricks (instead of windows) and because humidity was allowed to fluctuate with the outside environment, lighting, circadian rhythm and relative humidity were approximately the same in the two environments.
General Procedures. In all experiments, the effects of the tropical (T) environment was compared to that of the control (C) environment. In addition, in Exp. 3, the relationship between ambient temperature and feeding level also was examined. Within each experiment, pigs (Large White) in both environments were fed the same diet. The animals were divided into two homogeneous groups (on a litter, age and weight basis) and assigned at random to one of the two experimental treatments.
After a 1-wk pre-experimental period, the experiment consisted of a 14-d acclimation period (Cassuto, 1968; Morrison and Mount, 1971) , followed by a 28-d comparative period (21 din Exp. 3).
In each experiment, pigs were individually limit or ad libitum fed a standard diet (Table  1) . Water was supplied ad libitum. Animals were weighed and feed refusals and intakes were determined daily. Rectal temperature and respiratory rate were recorded twice weekly during the last 2 wk, at 0900 and 1300 (only at 1300 in Exp. 3). At the end of the experiments, all pigs were slaughtered between 0800 and 1000, after 20 to 22 h of fasting. Blood samples were collected on ice with heparinized glass tubes and quickly centrifuged, and plasma was held at -20~ until analysis. Samples of adipose tissues were collected from the neck s.c. area (external fat) and in the perirenal area (internal fat) and stored at -20~ Thyroid and adrenal glands, kidneys, liver, heart, lungs, stomach and small and large intestines were removed, trimmed and immediately weighed.
The digestive contents then were removed and the stomach and the intestines were washed and reweighed. The eviscerated carcass was dressed, split into two longitudinal halves and chilled for 24 h at 4~
Each half and the head were weighed and the right half was cut by standard procedures (Desmoulin et al., 1976) . Cold carcass weight, backfat thickness at the first rib, last rib and last lumbar vertebra, length of carcass and weights of individual cuts were measured. Carcass (head included) dressing percentage (% of live weight) and each individual carcass cut percentage (% of carcass weight) were calculated.
Particular Procedures. In Exp. 1, eight littermate piglets (four castrated males and four females) weaned at 35 d of age were used. At the start of the experiment, they were 51 d old and weighed an average of 8.4 + 1.1 kg. Four of the piglets were placed in the control room; their four littermates were reared in the tropical environment. They were allowed ad libitum access to feed.
In Exp. 2, 10 castrated male pigs 123.5 • 12 d old and weighing 28.9 + 5.4 kg were used. They received twice daily the same daily amount of feed on a live weight basis (90 g/kg" 7s ) in both T and C environments.
In Exp. 3, 16 castrated male pigs, averaging 141 + 7 d of age and 53.9 + 5.5 kg BW were randomly divided into four homogeneous groups of four pigs each. Two groups were kept in the C environment and two in the T environment. In each environmental treatment, twice daily, one of the two groups was fed a constant daily level of feed, 95 g/kg 'Ts (restricted, R), whereas pigs of the other group were given free access to feed for 45 rain each day (ad libitum, AL).
During the last 14 d of the experiment, feces and urine of R pigs were collected daily. Feces were composited and stored at -20~ At the 2 Boehringer, Mannheim, West Germany.
end of the period, feces were weighed ant thoroughly mixed and an aliquot was freeze dried for analysis. Urine was collected under sul. furic acid and stored at 4~ At the end of the balance period, urine was weighed and mixed and an aliquot was retained for subsequent anal ysis. Urine also was collected using the same conditions throughout the experiment, over 7< periods, for determination of urea and creati. nine.
Measurement and Analytical Metbods. Am.
bient temperature and relative humidity wer~ recorded in both the environments using dry and wet-bulb thermometers. Respiratory rat~ (breaths/min) was determined by counting the flank movements for 1 rain. Counts were made for each pig at rest (in a lying position) withoul disturbing the animal. Rectal temperature wa., measured (+ .I~ in all pigs afer recording the respiratory rate.
Moisture and nitrogen (N) were determinec in feed and urine according to AOAC method~, (1975) . Plasma glucose, protein, urea, free fatty acids (FFA) (Bergrneyer, 1974) and tissue lipo. protein lipase (LPL) activity as well as urinar} and creatinine concentrations were determinec as described previously (Christon et al., 1984) Total cholesterol and triglyceride concentra. tions were assessed by enzymatic techniques, using commercial kits 2. Plasma hormone levels of triiodothyronine (T 3) and thyroxine (Ta', were measured by RIA (Cabello and Levieux. 1980) . Proportions of serum albumin and oJ the different classes of globulin were obtainec by electrophoresis (Davis, 1964) .
Statistical Analysis. The results were sub. mitted to ANOVA (Snedecor and Cochran 1972) . Differences between treatments were determined by the Student's t-test in Exp. 1 and 2. Data from Exp. 3 were analyzed as a 2 • 2 factorial with environment and feeding level as main effects. The individually penned pi G was the experimental unit. Experiment I. Rectal temperature and respiratory rate were markedly increased (P < .01) by T climate at 1300 (Table 2 ), but only respiratory rate was increased (P < .05) at 0900. No difference in feed intake was observed between the two groups of piglets. Average growth rate and gain/feed were lowered (P < .05) by the T environment. Carcass measurements were similar between treatments except for a higher (P < .05) dressing percentage for pigs in the T group. Relative fresh weights of thyroid and adrenal glands were higher (P < .05) in T than in C pigs.
Results

Ambient
Lipid constituents (Table 3) and LPL activity in adipose tissues were not modified by the T environment. However, a decrease (P < .01) in plasma levels of glucose occurred in piglets housed in the T environment. In addition, these animals exhibited a large decrease (P < .05) in both plasma T3 and T4 levels, compared with controls.
Experiment. 2. Rectal temperature and respiratory rate both were clearly increased (P aFree fatty acids. *P < .05. **P < .01. < .01) by the tropical dimate at 0900 and 1300 (Table 4) . Growth rate and gain/feed were depressed (P < .05) by the T environment, although the animals received and consumed the same amount of feed. Carcass characteristics and fresh weights of organs and glands were similar for T and C pigs.
The T pigs also had higher (P < .05) plasma total cholesterol concentrations and adipose tissue LPL activities than did C pigs (Table 5) . Pigs in the T environment had much lower (P < .05) plasma thyroid hormone concentrations than those kept at 20~ Experiment 3. The T environment increased (P < .001) the rectal temperature and respiration rate in pigs (Table 6 ). The T environment also led to a reduced (P < .05) growth rate, feed intake and gain/feed in pigs fed ad libitum compared with C at thermal neutrality. In the T group, intake began to decrease during wk 2 of the experiment and was lower (P < .05) than that of controls at the wk 5 (Figure 1) . At the same level of feeding (R), no differences (P < .10) in growth rate or feed efficiency were observed. However, an interaction (P < .05) between environmental temperature and feeding occurred for growth rate, As compared with R feeding, AL feeding tended (P < .10) to increase the growth rate at thermal neutrality but to decrease it in the T environment. Neither carcass traits nor fresh weights of organs were influenced by the environmental temperature, except that the amount of leaf fat increased (P < .01) at the high ambient temperature.
The tropical climate increased (P < .01) plasma FFA concentrations (Table 7 ). In the T group, pigs also tended to have increased (P < .10) plasma levels of triglycerides and total cholesterol. Averaged over the environmental treatments, the plasma levels of lipid constituents were increased (P < .10 to P < .01) by AL feeding. Plasma glucose, protein and urea levels were modified by neither the T climate nor by feed intake level.
No significant difference appeared between T and C pigs for retained or absorbed N (Table  8) . However, the urinary N tended to be increased (P < .I0) by the T environment. Urinary urea and creatinine (Figure 2 ) did not differ between T and C pigs during the first 4 wk of experiment, but both were increased (P < .05) by the T environment during the last week.
Discussion
Animal Performance. Our findings on the influence of a T climate on feed intake and growth rate confirm the previous observations in pigs kept at high ambient temperature (Fuller, 1965; Sugahara et al., 1970; Holmes, 1973; Morfison and Heitman, 1983) . The influence of T heat on feed intake was not'the same for piglets up to 25 kg (no modification) and finishing pigs fed ad libitum (17% decrease), demonstrating the modulating action of age and BW on the effect of the thermal environment (Mount, 1968) .
Growth rate also was more depressed when the animals were heavier. In contrast to other reports (Seymour et al., 1964; Fuller, 1965; Sugahara et al., 1970) , we found a decreased efficiency of feed utilization in pigs raised at high ambient temperatures. The occurrence of this effect even in piglets of Exp. 1 (in which AL feed intake was not modified by the environment) and the larger decrease in growth rate (-39%) than in feed intake (-17%) in heavier AL-fed pigs suggest a distinct influence of high temperature both on feed intake and on efficiency of feed utilization. In addition, the decreased level of feed ingested by AL pigs in the T environment led to similar feed intake and growth rate for AL and R groups in the T environment. However, in the T climate, feed efficiency was decreased by AL compared with R feeding. This result, which agrees with the results of , illustrates the importance of diet-dependent heat increment in thermal regulation of pigs housed at a high ambient temperature. The effect of climate on body composition in mammals is controversial (Sugahara et al., 1970; McCracken, 1972 McCracken, -1973 and is not yet distinguished clearly from that of nutritional factors (Dauncey and Ingrain, 1983) . In the present experiments, carcass characteristics were unchanged by climatic conditions in pigs up to 50 kg, but development of adipose tissue was increased when the animals reached 80 kg live weight. In these latter pigs, as in those of Close et al. (1971) and Holmes (1971) , T temperature increased total body fat content, mainly via an increase in the amount of internal fat (Table 6 ). This also agrees with the findings reported by Dauncey and Ingram (1983) in younger pigs kept at high ambient temperature. Moreover, the N balance differences (Table 8) obtained in the same pigs, though not significant, had trends similar to those reported by Holmes (1973) and suggest a negative effect of T climate on protein deposition. In addition, the increase in urinary N of pigs in the T environment supports our previous data in rats (Christon, 1979) and might be related to amino acid degradation. In AL-fed finishing pigs in the T environment, the reduced intake of amino acids, and particularly of lysine, during the last half of Exp. 3 may have contributed to reduced protein synthesis and growth. However, Stahly et al. (1979) also observed that high temperatures depressed growth rate and increased fat deposition in pigs regardless of the dietary protein and supplemental lysine leveh So, the hypothesis of a role of environment per se modular pig metabolism could be formulated, even though its mechanism remains to be determined. Weeks of experiment Figure 1 . Effect of tropical climate on feed intake in finishing pigs. Difference at wk 5 was significant (P < .05).
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of heat stress that occurs when ambient temperature continuously remains above thermal neutrality. In these climatic conditions sensible heat losses (by radiation, convection and conduction) are very low, because ambient temperature is similar to the body temperature of pigs and evaporation is the main process for eliminating excess body heat. The relative importance of the channels of heat transfer was described by Bond et al. (1959) . Moreover, because the pig does not sweat (Ingram, 1967 (Ingram, , 1977 , heat is dissipated rminly by panting. However, the high humidity in a tropical area reduces the rate of evaporation from the skin surface. Because the efficiency of heat loss by pigs from evaporation is low (Morrison et al., 1967) , adaptation to a hot climate must be closely related to the rate of panting. The animal-size dependent effect of tropical heat, as proposed by Swiergiel and Ingram (1986) , was evident in the first two experiments. Compared with controls, heat-stressed piglets (8 to 25 kg) in Exp. 1 at 0900 had increased rectal temperatures and respiratory rates of .3~ and 177% (P < .01), respectively; at 1300, when air temperature was maximum, increases were .9~ and 305%. Heatstressed pigs (25 to 50 kg) of Exp. 2 had increases of 1.6~ and 224% at 900, and 2.2~ and 366% at 1300. These results confirm those of Holmes (1973 Holmes ( , 1974 and support his suggestion that elevated body temperature might prevent heat production. In pigs submitted to high ambient temperature, according to Heitman and Hughes (1949) and Yamamoto et al. 1978) in a T environment could reduce retention of ME.
The pig also reacts by lowering its voluntary feed intake, thus decreasing the extra heat to be dissipated to the environment and limiting the energy loss for thermolysis (Holmes and Close, 1977) . Both of these phenomena might help to explain the adverse affects of heat on weight gain.
A reduction in thyroid activity has been associated with lowered metabolic heat production in animals kept at high environmental temperature (Portet et al., 1967; Jones et al., 1976; Ingrain, 1977) . Slebodzinski and Wallace (1977) reported a lower increase in serum levels of T4 and T3 after injection of thyrotropinreleasing hormone in calves adapted to a tropical condition than in calves adapted to temperate conditions. Based on the relationship of thyroid secretion rate to growth demonstrated in pigs by Marple et al. (1981) , it might be assumed that the depressed performance in tropical conditions could be due to decreased plasma T3 and T4 (Tables 3 and 5 ).
The rise in plasma FFA in finishing pigs in the T environment confirms the previous report of Hsia (1974) and can account for body lipid mobilization. This and the increased level of total cholesterol support the depressed plasma thyroid hormone levels in pigs reared in the T environment. However, the decreased oxidative reactions at high ambient temperatures (Cassuto, 1968) , particularly beta-oxidation (Michel et al., 1983) , lead to a restricted utilization of fatty acids for energy purposes, favoring hepatic synthesis of triglycerides. This might contribute to the elevated plasma concentration of these metabolites found in pigs reared in a T environment, especially when they are allowed to con-sume feed ad libitum (Table 7 ). In addition, adipose tissue lipoprotein-lipase activity increased in growing pigs kept in a hot environment; this agrees with prior results with rats (Christon, 1979) . This could partly explain the increase and redistribution of fat depots in pigs kept in a hot environment.
Plasma glucose and protein concentrations were not altered by these environments except in the younger animals. The decrease in plasma glucose exhibited in piglets reared in the T environment could be related to reduced gluconeogenesis from amino acids. The protein catabolism described in heavier pigs probably does not exist in younger animals because proteins would be used mainly for growth.
In conclusion, a T climate markedly affected pig physiology, resulting in a heat stress, as shown by increased body temperature and respiratory rate, and decreased thyroid hormone concentrations. Increased energy loss from panting, reduced oxidative reactions and large changes in lipid metabolism may explain the depressed growth rate and, in heavier pigs, the increased fat deposition of pigs raised in a T environment. Protein degradation and lipid accumulation may be related directly in finishing pigs in a hot environment. An inadequate intake of amino acids following the reduced feed intake at high temperatures also could contribute to body composition changes. The interaction between ambient temperature and feed intake clearly indicates that restricted feeding in a hot climate produces a substantial physiological advantage in heat regulation and thus is of practical interest for pig production within tropical and subtropical areas.
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